Objectives The diagnosis of acute pyelonephritis (APN) requires demonstration of parenchymal involvement. When no predisposing conditions are found, non-complicated APN is suspected and CT or MRI should be performed. Diffusion-weighted (DW) MRI might be useful, quicker and cheaper than the standard gadolinium-enhanced (GE) MRI. The aim of this study is to compare DW-MRI with GE-MRI to test its diagnostic accuracy in APN. Methods Of 318 consecutive patients hospitalised for APN, 279 underwent MRI. Four hundred and fourteen MR studies (first test and follow-up examinations) were gathered and data were processed using Diffusion Analysis software. DW-MRI has been compared with GE-MRI for evaluating diagnostic agreement. Results Two hundred and forty-four patients were diagnosed as having APN; 35 were negative. One hundred and sixty-three APN cases were considered non-complicated and selected for the study. Among the 414 MR examinations, comparing DW-MRI with GE-MRI, positive correlation was found in 258 cases, negative in 133. There were 14 falsenegatives and 9 false-positives. DW-MRI achieved sensitivity 95.2 %, specificity 94.9 %, positive predictive value 96.9 %, negative predictive value 92.3 % and accuracy 94.6 %. Conclusions DW-MRI is reliable for diagnosing noncomplicated APN. The high diagnostic agreement between DW-MRI and GE-MRI offers new perspectives in diagnostic management, enabling diagnosis of non-complicated APN without using ionising radiation or contrast media. Key Points • The diagnosis of acute pyelonephritis (APN) requires demonstration of renal involvement.
Introduction
In the USA acute pyelonephritis (APN) has an incidence as high as 250,000 cases per year, mostly in young women, and necessitates 200,000 hospitalisations every year [1] [2] [3] . There are very few data on the overall incidence of APN in Europe, being influenced by the type of sanitary system and the hospitalisation policy; however, based on a previous surveillance on the referral area of our university hospital, the gross incidence of hospitalised APN cases can be estimated as about 26.5 new cases per year per 100,000 inhabitants.
APN develops when uropathogens ascend to the kidneys from faecal flora; rarely it is caused by seeding of the kidneys by bacteraemia.
According to the British Medical Research Council Bacteriuria Committee [4] , the definition of APN is clinical, based on a classic tetrad of high fever, costovertebral angle tenderness, signs or symptoms of lower urinary tract infection (UTI) (leucocytosis, pyuria) and positive urinary cultures. As this definition does not discriminate between upper UTI with or without renal parenchymal involvement, other authors follow a "pathological" criterion, based upon the demonstration of kidney involvement by imaging techniques [5] .
A general consensus is reached for the definition of "complicated" versus "non-complicated" APN [6] [7] [8] . "Complicated" refers to the presence of systemic (any factor affecting the immune response, including diabetes, collagen disease, neoplasia, chemotherapy, HIV positivity, neuromuscular disease, haemoglobinopathies) or anatomical (any factor causing obstruction, including active stone disease, prostatic hypertrophy, kidney malformations, reflux nephropathy, polycystic kidney disease and indwelling catheters) predisposing factors. "Noncomplicated" refers to their absence.
Moreover the most significant elements in the recent literature regarding APN are the revised guidelines for treatment. In their paper Gupta et al. [9] underline the need for differentiating between patients requiring hospitalisation and those who do not. Only imaging data can distinguish between upper UTI with and without parenchymal involvement.
In view of its low sensitivity for the presence of parenchymal lesions [10] and the high sensitivity for obstructive lesions, conventional ultrasound is used to identify the presence of anatomical predisposing factors.
In cases in which there is a clinical suspicion of APN, in which no predisposing condition is found at ultrasound, noncomplicated APN should be suspected and a second-line imaging test has to be performed. Computed tomography (CT) or magnetic resonance imaging (MRI) examination allows precise definition of the inflammatory areas and evidence of abscesses [11] [12] [13] . As patients with non-complicated APN are mostly women of childbearing age, MR might be chosen as the preferred imaging technique and CT should be performed only in the case of contraindications or logistical problems (long wait before the availability of an MRI) [14] .
MRI, using a parallel imaging technique acquisition, is able to perform dynamic enhanced studies, with diagnostic accuracy superimposable onto CT [15] . It does not use ionising radiation and it is equipped with considerable contrast resolution. Between sequences performed in a basal setting, diffusion-weighted magnetic resonance imaging (DW-MRI) has recently gained particular interest [16] . It is realisable by analysing the spin dephasing and signal loss caused by random motion along magnetic field gradients. The apparent diffusion coefficient (ADC), as a quantitative parameter calculated from the DW-MRI, combines the effects of capillary perfusion and water diffusion in the intracellular extravascular space.
The kidneys are very challenging organs for DW-MRI. The development of echo-planar imaging (EPI), high gradient amplitudes, multichannel coils and parallel imaging have been helpful in increasing the applications of DW sequences. In particular, the introduction of parallel imaging, such as sensitivity encoding (SENSE), which allowed reduction in the echo-train length (TE) and the K-space filling time, led to considerably less motion artefacts at image acquisition, thus enabling high-quality DW images of the body to be acquired. Hence, DWI might be useful in differentiating APN, with the advantage of lower costs and execution times than gadolinium-enhanced MRI (GE-MRI).
The aim of our study was to evaluate diagnostic agreement between DWI and GE-MRI (the "gold standard" test), to estimate the capability of DW-MRI in the evaluation of non-complicated APN and to demonstrate its potential reliability in the diagnostic pathway.
Materials and methods

Selection of patients
All consecutive patients admitted to our hospital with the diagnosis of APN in the period January 2007-September 2009, and hospitalised from the Emergency Department (ED) to the Emergency Medicine, Urology and Nephrology or Internal Medicine wards, were considered for the study. All patients were referred to the Radiology Unit during hospitalisation and were followed at least until clinical and radiological healing (with a 3-to 6-week interval, according to the severity of the disease). Clinical data were gathered prospectively, whereas the MRI studies have been analysed retrospectively.
The clinical suspicion of APN was made by the ED physicians, based on the presence of at least one of the three main symptoms (fever, costovertebral angle tenderness or pain, recent or present UTI) and at least one sign of systemic infection (high white blood cells or Creactive protein [CRP] ). The diagnosis of present or recent UTI was based on urinalysis or the clinical history. All patients with a clinical picture suggestive of APN underwent abdominal ultrasound, whenever possible in the ED, and were hospitalised. In patients hospitalised for fever of unknown origin, in which the diagnosis was made during hospitalisation, ultrasound was performed subsequently.
The following general data were collected, to differentiate complicated versus non-complicated APN: age, sex, previous UTI, previous history of pyelonephritis, previous stone disease. Patients with kidney stones were not included. At referral, the following clinical data were collected: fever, costovertebral angle-tenderness, lower UTI symptoms, other symptoms; antibiotic therapy within the last 72 h; other therapies.
Laboratory data were obtained using standard laboratory methods. The following data, obtained in the ED at hospitalisation, were considered: serum creatinine, blood cell counts, CRP, urinary cultures, haemocultures and the results of dipstick urinalysis were also recorded when available. In the presence of systemic predisposing factors and/or of anatomical predisposing factors detected by ultrasound, the APN was considered as complicated and the patients were not included in the study.
By definition, diagnosis was made by a second-line imaging technique. MRI was performed in 279 patients (264 females and 15 males) with a median age of 35 years (16-77 years). Thirty-nine remaining patients (including two pregnant patients) did not undergo MRI at our Unit or were subjected to CT or, rarely, underwent only ultrasound. Selection of patients to submit for MRI at our Service was usually carried out by our nephrologists.
Out of 279 patients who underwent MRI, diagnosis of APN was made in 244, while in 35 cases the investigation was negative.
In keeping with the diagnosis of non-complicated APN, all patients (163) were female, with a median age of 32 years but a wide age range (16-72 years), with a normal genitourinary tract.
Eighty-one patients with complicated APN, diagnosed on the basis of gender (15 male patients with benign prostatic hypertrophy), systemic (diabetes, collagen diseases, immunehaematological disorders, neoplasia, neuromuscular disease or surgical sequelae) or anatomical (pyelo-ureteral joint defect) predisposing factors (46 patients), or parenchymal sequelae of previous pyelonephritis (e.g. contracted small-sized kidney due to vesico-ureteral reflux) or renal stones disease (20 patients) were not included in the study.
Complicated APN were excluded to avoid confounding causes in detecting parenchymal inflammatory damage (e.g. an increased pressure in the urinary tract in the obstructive uropathy might alter parenchymal perfusion and consequently either enhancement or diffusion of water molecules).
One of the patients included had a congenital solitary kidney.
Imaging techniques
The diagnosis of pyelonephritis was made by GE-MRI as a second-line imaging technique, used as a gold standard test.
MRI was performed using a 1.5-T system (ACHIEVA, Philips Medical System, The Netherlands) with a maximum gradient strength of 30 mT/m, a slew rate of 150 mT m −1 ms −1 and a four-channel phased-array coil. As a rule, imaging data were obtained within 48 h of hospitalisation. Before acquisition of DW-MRI sequences, we performed in each patient a morphological study of the kidneys.
The following protocol was used. DW MR images with slice thickness of 7 mm and interval of 1 mm were obtained in the axial plane during breathhold (30 s) by using a single-shot spin-echo EPI (SE EPI) sequence, with three b values (0 and 600 s/mm 2 ). The gradients were applied along the three orthogonal axes (x, y and z) and subsequently averaged to minimise the effects of diffusion anisotropy. The single-shot SE EPI sequence was performed using a parallel imaging technique acquisition (SENSE), which allows a faster acquisition for breathhold technique and avoids magnetic susceptibility artefacts. Fat saturation was used to prevent chemical shift artefacts, and two presaturation slabs were positioned perpendicular to the anterior and posterior sections, respectively, to suppress motion influences.
Basal MRI test
& d-ADC maps were then calculated for the different "weightings": b=0-600 and b=0-100-700. 
GE-MRI study
Study after bolus intravenous administration of contrast agent (Gadobutrol, 1 mmol/kg), 2 ml/s: & Coronal 2D bolus-track sequences (TR=4.0 ms, TE= 0.9 ms, Sp 80/0.0 mm, turbo factor 1; EPI factor 1, NSA 1, matrix 128/224; SENSE body coil) in the course of administration of contrast medium with an injector to determine dynamic sequences (care-bolus) & Coronal Angio-RM 3D RES sequences SENSE, high resolution (TR=5.1 ms, TE=1.5 ms, Sp 3.0/-1.5 mm, turbo factor 1; EPI factor 1; SENSE body coil). After about 20-30 s (cortical-arterial phase). The beginning of MR data acquisition is determined by the vision of the initial opacification of the abdominal aorta using a carebolus & Axial dynamic 3D T1-weighted DYN THRIVE (T1 high-resolution isotropic volume examination) sequences-SAT SPIR (fat suppression) (TR=4.0 ms, TE=1.9 ms, turbo factor 60; EPI factor 1, NSA 1, matrix 135/240; SENSE body coil). In the course of administration of contrast medium at 60-80 s (nephrographic phase) and 100-120 s (nephrographic/early excretory phase) & Axial mdc WAVE FSAT sequences SENSE (water selective volume excitation) WATS 2D with fat suppression (TR=9.7 ms, TE=4.9 ms, Sp 7.0/3.5 mm, turbo factor 1; EPI factor 1, NSA 1, matrix 128/224; SENSE body coil). In late pyelographic phase at 5 min
Analysis of results
When analysing the MRI data, the diagnosis of APN requires demonstration of the following: hypointensity in the same area on ADC maps, correlating with focal reduction of enhancement at T1-weighted sequences in the GE study ( Fig. 1) Morphological evaluation of the images was performed in consensus by two experienced radiologists who were blinded to the DW-MR images and data. Corticomedullary delineation and focal or diffuse parenchymal signal alterations, presence and size of parenchymal lesions, dilation of the collecting system and perirenal changes were mainly observed and annotated.
GE-MRI study was finally compared with the DW sequences to evaluate diagnostic agreement, the former being considered the gold standard test.
Considering APN lesions as hyperintense areas due to reduction of water diffusion, sensitivity, specificity, positive and negative predictive value, and overall accuracy of DWI were calculated. Correlation between ADC in normal parenchyma and in pyelonephritic lesions was also statistically analysed.
Results
We recorded 318 patients hospitalised from January 2007 to September 2009 with a clinical diagnosis of APN at ED admission based on the presence of flank pain, fever and leucocytosis or elevated CRP.
MRI was performed in 279 patients (264 female). Morphological examination with GE-MRI was diagnostic in 244 subjects, with evidence of single or multiple areas of parenchymal hypointensity. Thirty-five patients were negative at the GE-MRI examination.
We included in our study and retrospectively analysed 163 patients with imaging-confirmed diagnosis of noncomplicated APN, submitted for both GE-MRI and DW sequences. In keeping with this setting, all patients were female, with a median age of 32 years (16-72 years) and a normal genito-urinary tract.
Four hundred and fourteen MRI examinations were performed, including the first test and the subsequent control investigations (1-4 studies per patient, mean 2.1). GE-MRI was used as a gold standard and confirmed APN in 272 repeated acquisitions (reduced perfusion with enhancement gaps). Among positive studies, DW sequences had a positive result in 258 and a negative result in 14. A radiological confirmation of APN by DW-MRI (parenchymal hyperintensity signal in high b images) was obtained in 267 studies (Fig. 1) .
Dealing with functional DW-MRI, the mean ADC value was 2.38±0.14×10 . In subjects who underwent repeated MRI, the ADC values were highly reproducible.
Total or sectorial kidney swelling was detected in 121 out of 172 affected kidneys (70.3 %). The severity of the lesion was not uniform. The cortico-medullary gradient was reduced or absent in 18 patients. In 163 patients with onset APN, basal study revealed abnormalities in signal intensity in the foci of inflammation in 65 cases, characterised by a picture of isointensity on T1-weighted sequences and slight hyperintensity on T2-weighted images.
After bolus intravenous administration of contrast agent, about 94.5 % of the patients (154 cases) had lesions in only one kidney. Lesions were bilateral in nine patients (5.5 %), but they were multiple in 128 cases (78,5 %). Overall, 621 lesions were detected, with an average of 3.8 injuries per pathological kidney. Simple non-abscessed lesions only were present in 100 patients, while at least one abscessed lesion was present in 63 patients (38.5 %; Fig. 2 ) and only 2 had perirenal collections. A thin layer of perirenal effusion was recognised in 104 cases of parenchymal inflammation. Considering all 414 MR studies, comparing DWI study with GE-MRI used as a gold standard, positive correlation was found in 258 cases (true-positive) and negative correlation in 133 (true-negative). In 14 tests GE acquisitions were positive, while DW sequences were negative (false-negative; Fig. 3) . Restriction of the diffusivity of water molecules with slightly hyperintense signal has been highlighted, compared with negative contrast medium enhancement, in nine investigations (false-positive; Fig. 4 ; Table 1 ).
Overall DW-MRI versus GE-MRI achieved sensitivity 95.2 %, specificity 94.9 %, positive predictive value (PPV) 96.9 %, negative predictive value (NPV) 92.3 % and diagnostic accuracy (DA) 94.6 % ( Table 2) .
For a quantitative evaluation, 150 samples of the attenuation coefficient were eventually conducted on the ADC map on parenchymal foci, which always resulted in hypointensity on the map with greyscale; as many comparison samples were collected in areas of healthy ipsilateral parenchyma and in unaffected kidney. In areas of affected parenchyma ADC value in mm 2 /s was found to be consistently lower (mean 1.385; minimum 1.109, maximum 1.717; absolute deviation compared with the average 0.150, standard deviation 0.124) compared with healthy parenchyma (mean 2.383; minimum 1.989, maximum 2.763; absolute deviation compared with the average 0.226, standard deviation 0.140), with P value< 0.0001 (Fig. 5) .
Discussion
APN is a topic that has remained relatively neglected in terms of imaging research and its diagnosis is still a challenge. None of the clinical signs or laboratory biochemical markers at presentation allows discrimination between a few small lesions and multifocal or abscessed ones [13] . Thus, imaging techniques are needed to assess the severity of kidney involvement and to plan the antibiotic therapy.
Diagnostic imaging plays a role in looking for previous occult structural or functional abnormalities that may require intervention, to assess those patients at significant risk of more life-threatening complications as in diabetic, elderly or immunosuppressed patients, to balance the severity of the infection and to evaluate the extent of organ damage subsequent to a resolved acute infection.
Second-line imaging tests (CT or MRI) should be systematically used to define the presence, extent and type of parenchymal lesions, and to reveal complications (such as abscess or perirenal fluid collections), in order to tailor interventions to the specific clinical contexts [17, 18] .
Our interest in APN originated from the observation of the increasing frequency of this disease and from the uncertain indications in the literature with regard to the opportunity to perform DW-MRI [19] [20] [21] [22] [23] .
Hence, since 2007 we have been collecting data of patients admitted to the ED with a clinical suspicion of APN according to our setting, in order to study the results in noncomplicated APN patients routinely hospitalised and undergoing an extensive imaging work-up (ultrasound and either MRI or CT). Our study focused on DW-MRI as an imaging tool for the diagnosis of APN along with treatment and follow-up of patients, also to test the alternatives to our imaging-guided diagnostic and therapeutic approach.
The latest studies have already shown the prospective value of DW-MRI in the assessment of various renal diseases, such as renal ischaemia, pyonephrosis and diffuse renal disease [19] [20] [21] [22] [23] . On the contrary, there is no evidence of its role in the diagnosis and follow-up of the APN and no data are available regarding the diagnostic accuracy in adults. Studies conducted in animal models [24] with histological confirmation reported sensitivity and specificity of GE-MRI in the diagnosis of experimentally induced APN, Tc-DMSA scintigraphy, show that the GE-MRI, using inversion-recovery sequences, has overlapping sensitivity (90.9 %) and specificity (88.8 %) in the diagnosis of APN, but they underline its superiority in differentiating scars from inflammatory foci in the early stages of disease [25] .
Gradient echo MRI has a semeiotics and diagnostic accuracy at least comparable to that of CT in the evaluation of morphological and functional impairment in renal inflammation and its complications [26] . Some downsides, however, must be noted. The test is relatively time-consuming (about 20-25 min), with inevitable consequences in the management of the flow of scheduled patients. It also presents high costs and, even if to a lesser extent than iodinated contrast medium, the administration of gadolinium chelates is not recommended in patients with allergic anamnesis. Eventually, studies in recent years on systemic fibrosis due to gadolinium contraindicate its use in patients with renal impairment [27, 28] .
In our centre, the study protocol of APN with MRI also implies the use, at baseline, of the DW sequences, with rapid execution. In the literature several investigators suggest the use of DW-MRI in extraneurological fields [29, 30] . In the nephro-urological setting, data of great interest are available in the study of kidney disease, such as chronic impairment or infections [19] [20] [21] [22] 31] , dealing with the characterisation of focal lesions [32] [33] [34] , in the definition of renal function [23] and follow-up in the renal transplant setting [35] . Recently, Taouli et al. [36] and Kim et al. [37] were the first to compare DW-MRI with GE-MRI, emphasising the value of DW sequences, able not only to add valuable diagnostic information but also to be considered a valid alternative to contrastographic investigation in the characterisation of focal renal lesions.
As shown by the results of our study, comparing the diagnostic accuracy of DW sequence with contrastenhanced MRI, DW-MRI clearly has high sensitivity, specificity, positive/negative predictive value and diagnostic accuracy, all close to 95 %.
The evaluation of the data detected a very small number of false-positives (FP) and false-negatives (FN), moreover based on images of very small extension and found in tests carried out in the monitoring phase. In particular, FN were represented by areas of irregular parenchymal contrast medium enhancement and absence of signal abnormalities on DW-MRI. In these cases there might be the onset of inflammatory foci on a background of parenchymal scarring due to previous infection: once the acute injury resolved, it remains a contrast enhancement caused by pre-existing parenchymal distortion. Another explanation for these events could be that the inflammatory lesions had been already improved when the patients were submitted for radiological examination or that they were so mild as to be undetectable. The FP, in turn, corresponded to focal parenchymal hyperintensity on DW-MRI without correlated enhancement after administration of gadolinium. This framework, as well as being secondary to artefacts, dealing with the extreme sensitivity of the DW-MRI to movement, can be related to the phenomenon of persistence of the T2 signal, even with high b values, referred to as "T2 shine-through", which occurs in Fig. 3 False-negative DWI study. a Small APN lesion in the middle third of the right kidney visible on T1 WAVE sequences after administration of contrast medium in the late nephrographic phase (arrow) as an heterogeneous perfusion defect. b On DWI sequences the lesion shows no signs of restriction of diffusivity. tissues where there is a free diffusion of water molecules. This finding, presumably detectable in the presence of small residual collections or microcysts, leads to mistakes in the qualitative assessment of DW images, which require verification with the study of the ADC map. Finally, it may be assumed that the weakly hyperintense signal only detectable on DW-MRI may be related to persistent moderate inflammatory events of such magnitude as to go undetected by contrast enhanced testing, assuming the more sensitive evaluation by DW-MRI. The phenomenon, which occurred invariably in subsequent controls in areas where in the acute phase there was a more marked inflammatory process, may suggest that the gold standard tends to underestimate the process and that DW-MRI allows a greater "conspicuity" than contrast-enhanced examination. This finding, which to our knowledge does not find any other description in the literature and that is probably secondary to minor compressive alterations due to a residual component of oedematous swelling, together with slight irregularities in the tissue microperfusion (so-called "pseudodiffusion"), should find histological confirmation, but this is not feasible in an abnormality without surgical implications. However, in clinical practice, in case of persistent positivity of DW-MRI after the negativity of the clinical setting and the completion of the programmed therapy, the finding must be considered not relevant and the patient recovered. Because of the inflammatory parenchymal damage responsible for interstitial space reduction, with a resulting decrease in the diffusivity of water molecules, the quantitative evaluation of the ADC map is of considerable importance. It is based on the study of the ADC of water molecules, always associated with qualitative analysis of the DW signal, to avoid mistakes related to the influence of T2 weighting of the sequence. In selected subjects with a proper clinical laboratory grading, it was interesting to note how the inflammatory disease could be identified not only on the basis of the hyperintense signal on DW-MRI, with high b factor and with hypointensity on the ADC map, but also as a result of a calculation of the attenuation coefficient after ROI positioning, with the lowest result compared with that obtained on areas of healthy parenchyma at the corticomedullary junction [38] . The results derived from estimates, especially for lesions of limited dimensions, still encounter uncertainties because of the choice of the "b" factor, for the inter-operator variability in measuring with ROI ADC values of some specific areas, as well as on the possible differences between the magnets (either from different manufacturers or because of different field strengths of devices of the same company) [38, 39] . This aspect is a significant problem that has not been solved; indeed, several authors using different b values have not come to superimposable results [40] . In agreement with data reported by Macarini et al. [38] , with reduced acquisition times, the value of the "b" factor of approximately 600-700 used in our study can be considered an acceptable compromise between image quality, affected by a high "b", which reduces the signal-to-noise ratio (SNR), and a weighting of the "real" diffusion that is more faithful and true with these values. As recommended by Fukuda et al. [41] , the ROI cursors were placed at the level of the middle third of the kidney in correspondence with the cortico-medullary junction, as the evaluation of ADC values in the central portion of the kidneys is less influenced by the perfusion effect. With such a procedure it is more reliable to make a comparison with data derived from the positioning of the ROI in inflammatory parenchymal foci [21] .
Different studies [23, 31, 32, 38, 42] have calculated the intrinsic proton diffusion in the abdominal organs and, in particular, in the kidneys. In the literature the normal reported values range from 1.60 to 2.65×10 −3 mm 2 s −1 , probably in relation to the breadth of the diffusion gradient used (500-1,300 s/mm 2 ). According to data in the literature, in our study the mean value of renal parenchyma in healthy subjects was 2.40±0.20×10 −3 mm 2 s −1 . Comparing our study on APN with other results, Thoeny et al. [21] studied a population of healthy volunteers and patients with various parenchymal diseases; in the APN patients they found ADC values of entities significantly lower than in healthy contralateral parenchyma, showing one of the few reports where reference is made precisely to inflammatory renal parenchymal disease and in which the results have been very similar to ours.
In conclusion, according to our study results, DW-MRI of the kidney seems to be a feasible, rapid and reliable method as quantification of ADC values can be useful in diagnosing non-complicated APN. The high diagnostic agreement we have found between GE-MRI and DW-MRI offers new perspectives in diagnostic management, enabling monitoring of APN in a short time without use of ionising radiation or administration of paramagnetic contrast medium. We can assume the use of DW-MRI, together with the performance of the usual basal sequences T1 and T2, in the acute phase, possibly in the ED, affecting minimally (negligible time is required) the workflow of the MRI service, thus allowing a timely therapeutic approach. The subsequent checks, performed about every 3 weeks until complete resolution of the inflammatory process, may instead be programmed with DWI alone.
In addition, DW-MRI is an alternative to dynamic investigation in all cases where there are contraindications to administration of iodinated and/or paramagnetic contrast medium, such as those patients with renal insufficiency and pregnant or lactating women. Eventually, the short duration of the examination and the easy response and reproducibility of ADC values allow a proper diagnostic evaluation even in uncooperative subjects or slightly sedated claustrophobic ones.
Dealing with costs too, DW-MRI is an interesting tool for detecting non-complicated APN, thanks to its inherent cost and its potential impact on the suitability and timeliness of treatment.
